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I INTRODUCTION 
Iopfienoxic acid ( I P A ) ,  a cholecystographic medium, has been shown 
t o  remain i n  the  human blood i n  associat ion w i t h  albumin f o r  many years  
a f t e r  its ingest ion.  I ts  survival h a l f - l i f e  has been calculated a s  
2.5 years (1). I t  has a l s o  been reported t o  cross t h e  placental  b a r r i e r  
i n t o  t h e  f e t a l  blood stream long a f t e r  ingest ion by the  mother and t o  
remain i n  t h e  blood of t h e  progeny (2-4). The compound is  apparently 
unique i n  i t s  r e s i s t ance  t o  deiodination, metabolism, and excret ion by 
the  human kidney. Since iophenoxic acid s e e m s  to  remain i n  the  human 
blood i n  associat ion w i t h  albumin f o r  many years ,  it may be presumed 
t h a t  it somehow reassoc ia tes  w i t h  t he  new albumin molecules t h a t  a re  
synthesized a s  others a re  metabolized (1). 
. . 
For these reasons,  IPA seemed t o  be a log ica l  candidate f o r  use as  
an ind ica tor  on experimental animals f o r  measuring c e r t a i n  physiological 
parameters, such a s  i n t r a -  and extravascular  albumin pool and plasma 
volume. Therefore,  experiments were designed t o  inves t iga te  t h e  nature  
of i n t e rac t ion  of IPA w i t h  albumin, i t s  metabolism i n  the  monkey, rabbi t  
and dog, and its possible  e f f e c t  on the  turnover r a t e  of serum albumin. 
T h i s  report descr ibes  our  findings on the high a f f i n i t y  constant of 
albumin w i t h  IPA; the survival  ha l f - l i f e s  of IPA i n  t h e  monkey, r a b b i t ,  
and dog; t h e  metabolism of serum albumin-IPA complex; and t h e  possible  
use of IPA t o  measure intravascular  albumin and volume a s  w e l l  a s  t o t a l  
body albumin. 
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11 SUMMARY 
Equilibrium d i a l y s i s  experiments of human and bovine albumin with 
7 iophenoxic acid revealed an apparent associat ion constant of about 10 
M - l  which is much higher than other small molecules in t e rac t ing  with 
albumin. 
Animal experiments have shown t h a t  t h e  survival  half-time of 
iophenoxic acid i n  monkeys, r abb i t s ,  and dog was 65-84, 23-32, and 28 
days,  respec t ive ly .  This compound was p re fe ren t i a l ly  bound t o  serum 
albumin, d id  not seem t o  be extensively metabolized, and there was no 
apparent e f f e c t  on the  metabolism of serum albumin. The b io logica l  
h a l f - l i f e  of serum albumin i n  monkeys was found t o  be approximately 
20 days and its turnover .15-.18 g/kg/day. Iophenoxic acid seemed t o  
be reassociated w i t h  the new albumin molecules synthesized a s  o thers  
w e r e  metabolized, and equi l ibra ted  w i t h  the  t o t a l  exchangeable in t r a -  
and extravascular  albumin pools. The f e a s i b i l i t y  of using t h i s  compound 
a s  a possible indica tor  f o r  measuring c e r t a i n  physiological parameters 
i n  experimental animals was a l s o  inves t iga ted .  The t o t a l  body and 
in t ravascular  albumin mass as  w e l l  a s  the  in t ravascular  volume f o r  
monkeys, r abb i t s  and dog w e r e  measured following the in j ec t ion  of IPA 
and the values obtained were within the range of values reported by 
other  inves t iga tors  except for t h e  t o t a l  body albumin pool of r a b b i t s .  
2 
I11 MATERIAL AND METHODS 
Proper t ies  of Iophenoxic Acid 
Iophenoxic ac id ,  a-ethyl-B-( 2,4,6-triiodo-3-hydroxyphenyl) propionic 
acid (IPA) , was kindly provided by D r .  M .  Tanabe (SRI) who obtained it 
from Schering Corporation. 
I 
HO 
I Q; 
H2C 9 -COOH 
C2H5 
I ophenoxic acid 
Toverify the iden t i ty  and pu r i ty  of t h e  compound, t he  W ,  I R ,  and NMR 
spec t ra ,  m e l t i n g  point ,  and apparent pK of the phenolic group ( t i t r a t i o n  
curve) w e r e  determined. 
The u l t r a v i o l e t  absorption spectrum of IPA i n  95% ethanol revealed 
a maximum a t  295 m(l which s h i f t e d  t o  323 i n  1 N NaOH and had a molar 
absorp t iv i ty  of 3060 and 6790 M-’ c m  
spec t ra  of IPA w e r e  s imi la r  t o  the spec t ra  reported by Astwood (1). The 
compound melted sharply a t  150 C :  an apparent pK of t h e  phenolic group 
was found t o  be i n  t h e  range of pH 6.0-6.4 by automatic t i t r a t i o n  of 
t h e  s a l t  of t he  compound with d i l u t e  HC1. A pR of 6.3 was reported by 
Astwood . 
-1 , respect ively.  The I R  and UV 
0 
The NMR spectrum* revealed tha t  t h e  compound contained (a)  no 
de tec tab le  amount of water, (b) 5-subst i tuents  i n  t h e  aromatic r ing  and 
one hydrogen, (c) one e t h y l  and two hydroxyl groups, and (d) 11 hydrogens. 
These f indings c o r r e l a t e  w e l l  w i t h  the  s t ruc tu re  of iophenoxic ac id .  
* 
The NMR spectrum was performed and in te rpre ted  by M r .  Jack Marsh of 
SRI using a Varian model A-60 spectrometer. 
3 
Serum Albumin Preparat ions 
Human, dog, r a b b i t ,  and bovine albumin samples w e r e  purchased from 
Pentex Corporation, Kankakee, I l l i n o i s .  I n  addi t ion ,  albumin from 
rhesus monkeys was prepared by subjecting monkey serum t o  continuous 
flow e lec t rophores i s ,  using a Spinco CP cu r t a in  e lec t rophores i s  
apparatus.  The f r a c t i o n s  corresponding to  the  albumin area w e r e  pooled, 
dialyzed thoroughly against  d i s t i l l e d  water,  and lyophi l ized.  The 
albumin preparat ions w e r e  checked f o r  homogeneity by e lec t rophores i s  on 
c e l l u l o s e  ace t a t e  s t r i p s .  Human, bovine, and dog albumins seemed t o  be 
homogeneous under the  experimental condi t ions employed, but the samples 
from monkey and rabbi t  w e r e  s l i g h t l y  (10 and 5%, respec t ive ly)  
contaminated w i t h  CX1-globulin. 
analyzed f o r  bound f a t t y  acid content using the t i t r a t i o n  method 
reported by Dole ( 5 ) .  
acid per m o l e  albumin; monkey, 3.29; r a b b i t ,  ,586; bovine, .368; dog, 
.120. 
Each albumin preparat ion a l s o  was 
The human preparat ion contained 1.55 mole f a t t y  
Assays of IPA i n  Equilibrium Dia lys i s  Experiments 
A s ens i t i ve  method f o r  t he  determination of iodide- a s  w e l l  a s  
iodine-containing organic compounds is  based on the c a t a l y t i c  e f f e c t  of 
iodide on the cer ic-arsenious oxidation reduction reac t ion  (6). The 
ove rca l l  reac t ion  may be wri t t en  a s  follows: 
4+ 1- 2 C e  + H A ~ O Q  __j 2 Ce3+ + H A ~ O ~  2 3 
The ye l low c o l o r ,  due t o  ceric ion i n  acid so lu t ion ,  disappears  a t  a 
r a t e  proport ional  t o  t h e  iodide concentrat  ion. Under appropriate  
experimental condi t ions,  t h i s  is  a f i r s t  order  r eac t ion  ( 7 ) .  
Bowden, Maclagan, and Wilkinson ( 8 )  o r i g i n a l l y  noted t h a t  aromatic 
iodine or tho  t o  a hydroxy o r  an amino group r ead i ly  catalyzed the  ce r i c -  
arsenious oxidation-reduction reac t ion .  Iophenoxic ac id ,  having two 
iodine atoms or tho  t o  t h e  hydroxyl group, was added d i r e c t l y  t o  t h e  
cer ic-arsenious so lu t ion  and was found t o  ca ta lyze  the  reac t ion  a t  a 
r a t e  which was proportional t o  IPA concentrat ion.  The IPA i n  the 
equi l ibr ium d i a l y s i s  experiments was determined by following Step  3 of 
t h e  method c i t e d  i n  reference ( 7 )  and analyzing appropriate  a l iquo t s  
4 
. 
taken from ins ide  the  d i a l y s i s  bag, which contained the  albumin so lu t ion ,  
a s  w e l l  a s  from the  outs ide  nonprotein so lu t ion .  Cal ibra t ion  curves w e r e  
constructed w i t h  standard I P A  solut ions in  t h e  presence and absence of 
albumin and under the  same experimental condi t ions of equilibrium 
d i a l y s i s .  
A n  unsuccessful attempt w a s  made t o  determine I P A  by neutron 
ac t iva t ion  analysis  of serum samples and standard I P A  so lu t ions .  
Eauilibrium Dia lvs i s  Method 
~~ ~~ ~ 
The method employed was t h a t  reported by S t e r l i n g  e t  a l .  ( 9 ) .  The 
concentrat ion of I P A  (added t o  t h e  albumin so lu t ion  ins ide  t h e  d i a l y s i s  
bag or t o  t h e  outs ide buf fer  solut ion)  usual ly  ranged from 1.5 x 
t o  2 x lom4 M, expressed a s  the f i n a l  concentrat ion i n  t h e  5 m l  of 
p ro te in  so lu t ion  ins ide  the  bag or t h e  5 m l  of nonprotein so lu t ion  
ou t s ide  the bag. The bu f fe r  used f o r  the d i a l y s i s  experiments was 
0.05 M potassium phosphate, pH 7.4,  and the albumin so lu t ion  was 0.1 g/100 
m l  buffer. I P A  so lu t ions  w e r e  made up by d isso lv ing  I P A  i n  d i l u t e  KOH 
and br inging it t o  t h e  required volume with buf fer .  The amount of I P A  
bound t o  albumin was determined at  t h e  end of t h e  equilibrium period 
(16 h r  shaking a t  room temperature) by subt rac t ing  the  outs ide  concen- 
t r a t i o n  of I P A  from the  one inside t h e  d i a l y s i s  bag. 
w e r e  analyzed i n  accordance with Scatchard's equation (10) . 
The da t a  obtained 
?/A = kn-k? 
- m o l e s  I P A  bound v =  
A = concentration of f r ee  I P A  (M) 
m a x i m u m  no. of moles I P A  bound n =  m o l e  albumin 
k = apparent associat ion constant  (M ) 
m o l e  albumin 
-1 
According t o  the  equation, a p lo t  of ?/A against  ? gives a s t r a i g h t  l i n e  
i f  k is  constant ,  i .e .  i f  a l l  the binding sites a r e  equivalent o r  i f  t h e  
pro te in  possesses a single c l a s s  of binding si tes.  The in te rcept  on t h e  
T/A ax i s  would become equal t o  kn a s  ? approached zero,  and the  in te rcept  
on t h e  ? ax i s  would be equal to  n a s  ?/A approached zero. 
5 
. 
6 
Serum IPA. Albumin. and Tota l  Protein 
Serum albumin and t o t a l  protein were determined according t o  t h e  
method reported by Debro, T a m e r ,  and Korner (11). 
One t o  10 u1 of serum was analyzed f o r  IPA by determining the t o t a l  
iodine conten t ,  following ashing of t h e  serum sample i n  an a lka l ine  
medium ( 7 ) .  The endogenous i o d i n e  content of 13 pre-IPA serum samples 
obtained from d i f f e r e n t  monkeys and r a b b i t s  was less than .005 ug/lO u l  
each. Therefore, it was f e l t  tha t  t h e  serum IPA could be analyzed by 
d i r e c t  ashing . Cal ibra t ion  curves prepared with IPA standard so lu t ion  
and IPA added t o  serum and subjected t o  t h e  same treatment w e r e  s imi l a r .  
Each serum sample obtained from monkeys, r a b b i t s ,  and dog was analyzed 
t h r e e  o r  four  d i f f e r e n t  t i m e s ;  values w e r e  always wi th in  5 4 %  of t h e i r  
mean. 
Urinary IPA Determination* 
Two m l  of c l e a r  urine was pipetted i n t o  a test  tube containing 
0.1 m l  of 50 mg/ml bovine albumin. The ur ine  and albumin w e r e  mixed 
and incubated a t  3OoC f o r  1 h r .  
16 h r  a t  room temperature against  deionized water i n  30/32-inch Visking 
d i a l y s i s  tubing. The conten ts  of the d i a l y s i s  tubing were t r ans fe r r ed  
quan t i t a t ive ly  t o  a 10-ml volumetric f l a s k .  Aliquots w e r e  taken and 
ashed f o r  IPA. Appropriate standards and con t ro l s  w e r e  incorporated 
w i t h  each run. Eight con t ro l  ur ines ,  co l l ec t ed  from t h e  same and o the r  
animals p r i o r  t o  inJection w i t h  IPA, were analyzed by t h i s  method. No 
iodine-like mater ia l  was found except f o r  about 20 ug/24 h r  specimen on 
two occasions. Standard IPA so lu t ions  added to  urine and processed the 
same way showed an approximate recovery of IPA of 80-9W. 
One m l  of t h i s  mixture was dialyzed f o r  
Ext rac t  ion, I s o l a t  ion ,  and Iden t i f i ca t ion  of Serum IPA from Monkeys 
Serum samples from monkeys tha t  had received IPA (M-2, M-4, M - 1 1 )  
w e r e  pooled (10 m l )  and the proteins were p rec ip i t a t ed  w i t h  1 m l  of 20% 
TCA. To the  p r e c i p i t a t e  a su f f i c i en t  amount of 9596 ethanol was added 
* 
For c o l l e c t i o n  of ur ine  from monkeys see "C14 Urine", p.9 
6 
t o  so lub i l i ze  the  albumin f r ac t ion .  The globul ins  w e r e  spun down and 
again washed w i t h  EtOH-TCA .mixture (1% TCA i n  EtOH 95%) t o  d isso lve  a l l  
t h e  albumin. The i n i t i a l  EtOH supernatant and wash w e r e  combined and 
made a lka l ine  w i t h  NaOH p e l l e t s .  The alcohol was removed i n  a Rinco 
evaporator kept a t  5OoC and under water-vacuum. Water (15 m l )  w a s  
added t o  t h e  basic mixture and extracted w i t h  20 m l  of CHCl The  
sample was spun t o  break t h e  emulsion and the CHCl l aye r  w a s  discarded. 
The water phase was made ac id i c  wi th  HC1 and ex t rac ted  w i t h  30 m l  of 
CHC13. The CHCl ex t r ac t ion  was repeated and t h e  combined e x t r a c t s  
w e r e  d r ied  with anhydrous MgSO To f u r t h e r  pur i fy  the  IPA, the  dr ied  
chloroform ex t r ac t  was reduced i n  volume and was extracted w i t h  10 m l  
of 1 N NaOH. The aqueous l aye r  was ac id i f i ed  w i t h  HC1 and the  CHCl 
ex t r ac t ion  was repeated. 
and evaporated t o  reduce i ts  volume t o  about 0.5 m l .  Thin l aye r  
chromatography was used to  ident i fy  IPA using t h e  t w o  solvent systems: 
N-BuOH sa tura ted  w i t h  water and ET-BuOH sa tura ted  with 5% NH OH on 
s i l i c a  ge l  HF p la tes .  IPA on f luorescent  p l a t e s  is  readi ly  de tec tab le  
under W l i g h t .  A l a rge  port ion of t h e  CHCl e x t r a c t  was applied on an 
ana ly t i ca l  s i l i c a  gel HF (8 x 8 in) p l a t e  and t h e  chromatogram was 
developed i n  t h e  BuOH-NH OH system. The IPA s t r e a k  was located and 
scraped off  t h e  p l a t e  i n t o  a f l a sk ;  the  IPA was e lu ted  from t h e  s i l i c a  
g e l  with acetone and one drop of concentrated H C 1 .  The s i l i c a  g e l  was 
f i l t e r e d  off  and the acetone w a s  evaporated a t  50 C .  The residue was 
dissolved i n  methanol and the  W spec t ra  w e r e  obtained i n  ac id i c  and 
basic  methanol so lu t ions  and compared w i t h  t h e  reference standard IPA 
so lu t ion .  
3' 
3 
3 
4 '  
3 
The CHC13 l ayer  was dr ied  w i t h  MGSO f i l t e r e d ,  4 '  
4 
3 
4 
0 
Animals, In j ec t ion ,  and Sampling 
During the i n i t i a l  phase of th i s  work d i f f e r e n t  doses of IPA w e r e  
t r i e d  on r a b b i t s  and monkeys. For t he  measurement of physiological 
parameters i n  various species a dose of about 2 t o  3 mg/kg body weight 
appears t o  be appropriate.  
Rabbits 
Each of three  New Zeland White r a b b i t s  was placed i n  a wooden 
r e s t r a in ing  box and a blood sample was taken from it p r i o r  t o  t h e  
7 
i n j e c t i o n  of I P A .  Samples of approximately 1 m l  each w e r e  taken a t  
appropriate i n t e r v a l s  from t h e  marginal e a r  vein during the  f i r s t  four  
hours a f t e r  t he  in j ec t ion  of I P A .  The animals w e r e  then t r ans fe r r ed  t o  
t h e i r  cages. Blood samples w e r e  withdrawn t w i c e  d a i l y  during the f i r s t  
week and a t  i n t e r v a l s  of 1 t o  7 days throughout t he  observation period. 
One r abb i t  (R-3) w a s  found dead i n  i t s  cage (cause unknown) a f t e r  t h e  
35th day following t h e  i n j e c t i o n  of I P A .  
Monke vs 
Each of t h e  seven male rhesus monkeys (Macaca mula t ta ) ,  weighing 
4.5 t o  6.5 kg, was placed i n  a r e s t r a in ing  box and in jec ted  i v  w i t h  I P A .  
During t h e  first hour of r e s t r a i n t ,  two t o  s i x  blood samples w e r e  taken 
from the  femoral vein and t h e  animals w e r e  returned t o  their cages.  
Subsequent samples w e r e  obtained a t  appropriate i n t e r v a l s  throughout 
the observation period. 
Urine c o l l e c t i o n  for monkeys M-4, M-5, M-10, and M - 1 1  w a s  begun 
one day a f t e r  t h e  I P A  i n j e c t i o n .  
Thi r teen  days a f t e r  t h e  in j ec t ion  of I P A ,  monkeys M-4 and M - 1 1  and 
two addi t iona l  monkeys (M-6 and M-8)  each were in jec ted  i v  w i t h  250 pc 
of r econs t i t u t ed  C14-protein hydrolysate (Schwarz BioResearch, Inc . , 
Lot No. 660). P r i o r  t o  in j ec t ion  the animals w e r e  f a s t ed  f o r  approxi- 
mately 24 h r .  They w e r e  res t ra ined  during t h e  f i r s t  hour of i n j ec t ion  
and sampling . 
Thereaf te r ,  blood specimens were taken a t  appropriate i n t e r v a l s  
14 
and 24-hr ur ine  specimens w e r e  co l lec ted  f o r  t he  es t imat ion  of C 
a c t i v i t y  and I P A  concentration when appropriate.  
D o g  
A male hound dog weighing 28.85 kg was in jec ted  i v  with 60 mg of 
I P A  and blood specimens w e r e  taken a t  s u i t a b l e  i n t e r v a l s  f o r  t he  estima- 
t i o n  of serum IPA concentration. T h i s  experiment was performed i n  
co l labora t ion  w i t h  D r .  Datnow of Ames Research Center .  
The serum samples obtained from t h e  various animals w e r e  kept frozen 
u n t i l  analyzed f o r  the proper cons t i t uen t ,  
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Preparat ion of Serum Prote in  Samples f o r  Counting and Analysis 
Serum samples w e r e  f ract ionated i n t o  albumin and globul ins  according 
t o  the  method of Debro, Tarver,  and Korner (111, w i t h  t h e  following 
modifications.  After  prec ip i ta t ion  of the pro te ins  from 0.1 m l  serum 
with 0.9 m l  of 5% t r i ch lo roace t i c  acid (TCA) the p rec ip i t a t e  was washed 
once with 0.5 m l  of 5% W A  and the  supernatants w e r e  pooled and counted 
f o r  C14 i n  Bray's so lu t ion  (nonprotein C14 a c t i v i t y ) :  1.0 m l  of 95% 
EtOH was added t o  the  washed p rec ip i t a t e  w i t h  adequate mixing. 
so lub i l i za t ion  of albumin was completed the  mixture was centr i fuged,  
t h e  p rec ip i t a t e  was washed again w i t h  0.5 m l  EtOH and the supernatant 
f r a c t i o n s  w e r e  pooled. Of t h e  albumin f r a c t i o n ,  0.5 m l  was added t o  
0.5 m l  hyamine and 10 m l  Bray 's  solut ion f o r  counting: .03 t o  .05 m l  of 
another a l iquot  was processed f o r  pro te in  determination (3). so t h a t  
t h e  spec i f i c  a c t i v i t y  (cpn/mg) of t h e  labeled albumin could be ca lcu la ted .  
A f t e r  
The p rec ip i t a t e  t h a t  contained t h e  globul ins  was dissolved i n  
1.2 m 1  of 0.1 N NaOH and a 0.5-ml  a l iquot  w a s  added t o  0.5 m l  hyamine 
and 10 m l  Bray's f o r  counting: another .03 t o  .05 m l  was processed for  
p ro te in  analysis .  Spec i f ic  a c t i v i t y  f o r  t o t a l  p ro t e in  was estimated by 
counting 0.1 m l  serum i n  hyamine and Bray' s so lu t ion .  The specific 
a c t i v i t y  (cpm/mg) of t o t a l  protein was ca lcu la ted  a f t e r  subt rac t ing  the  
counts due t o  the  nonprotein f r ac t ion .  
c14 Urine 
Monkeys w e r e  housed i n  individual cages equipped w i t h  standard 
u r i n e  co l lec t ion  t r a y s .  G l a s s  wool plugs w e r e  used t o  f i l t e r  out food 
and feces  from the  ur ine ,  which was co l l ec t ed  i n  a p l a s t i c  bottle. The 
volume was measured d a i l y  and representat ive samples w e r e  placed i n  
1 5 - m l  disposable p l a s t i c  test tubes and kept frozen u n t i l  assayed. 
Samples w e r e  thawed a t  room temperature, thoroughly mixed and 
centr i fuged.  
Bray 's  counting f l u i d  and counted i n  a Nuclear-Chicago l iqu id  s c i n t i l l a -  
t i o n  counter.  
mixture t o  cor rec t  f o r  quenching due t o  the ur ine .  
One m l  of c l e a r  urine supernatant was added t o  15 m l  of 
Standard C14-toluene (0.05 m l )  was added t o  the counting 
9 
Analysis  of Da ;a 
Serum IPA concentration a f t e r  t h e  10-15 day period, expressed a s  
pg IPA per m l  serum and per mg albumin, were p lo t t ed  on semilogarithm 
graph paper a s  a func t ion  of time. A s t r a i g h t ,  freehand l i n e  was f i t t e d  
t o  t h e  poin ts .  
IPA Metabolism 
H a l f - t  ime w a s  ca lcu la ted  graphically by ex t rapola t ion  of t h e  
s t r a i g h t  l i n e  t o  zero t i m e .  I n  Method I ,  it was ca lcu la ted  from the 
p lo t  of yg IPA per mg albumin vs. t ime; i n  Method I1,from the  p lo t  of 
yg IPA per m l  serum. 
Frac t ion  of To ta l  IPA Injected Eliminated Per Dav 
,693 The f r a c t i o n  -is  derived from the f i r s t  order exponential 
t A  
equation ,5 
-kt 
C = Coe w h e r e  Co = IPA concentration a t  zero t i m e  
C = IPA concentration a t  t i m e  (t). 
The ca lcu la ted  quan t i ty  (ug) of IPA eliminated per day = 
t o t a l  IPA in j ec t ed  X f r a c t i o n  eliminated per day 
The f r a c t i o n  of c i r c u l a t i n g  serum IPA excreted i n  the  ur ine  per day = 
ur inary  excretion of IPA/24 h r  
mean c i r c u l a t i n g  IPA during same 24 h r  (pg/ml) X serum volume 
The mean c i r c u l a t i n g  IPA value i s  read d i r e c t l y  from the  p lo t s .  
The averaged f r a c t i o n  X c i r c u l a t i n g  IPA a t  zero t i m e  = 
maximum quant i ty  IPA excretable i n  u r ine .  
In t ravascular  Volume and Albumin Mass 
Volume = administered IPA ug IPA per m l  serum a t  zero t i m e  
By Method I 
administered IPA 
llg IPA per mg serum albumin a t  zero t i m e  In t ravascular  albumin = 
Zero-time values f o r  volume and albumin w e r e  obtained from semilog 
p l o t s  of p g / m l  serum and W/mg albumin during the  f i r s t  4 h r  a f t e r  t h e  
i n j e c t i o n  of IPA, by extrapolation. 
10  
By Method I1 
Intravascular  albumin = avg serum albumin ( m g / m l )  X in t ravascular  volume 
administered IPA 
ug IPA per m g  albumin a t  zero time Tota l  body albumin = 
Micrograms of IPA per mg albumin was obtained by ex t rapola t ing  the  
l inear portion of the curve (drawn a f t e r  10-15 days) t o  zero t i m e .  
c14 S t d i e s  
The biological  h a l f - l i f e  of serum prote ins  was obtained graphical ly  
(12) and the addi t iona l  C14 d a t a  were analyzed according t o  the  method of 
Waldmann and Laster  (13). 
.693 Frac t ion  of body pro te ins  degraded per day = -
Albumin turnover (g/kg/day) = 
t 4  
t o t a l  body albumin pool (g/kg) X f r a c t i o n  degraded per day. 
Frac t ion  of c i r c u l a t i n g  serum prote in  degraded per day = 
14 ur inary  C a c t i v i t y  i n  24 h r  sample 
(mean c i r c u l a t i n g  C14 a c t i v i t y  during same 24 h r  
X mg prote in  per m l  X intravascular  volume) 
The mean c i r c u l a t i n g  C14 a c t i v i t y  value (cpm/mg protein)  is  read d i r e c t l y  
from the  C14 pro te in  p lo t s .  
11 
. 
Iv RESULTS 
A .  Equilibrium Dia lys i s  Experiments 
A representa t ive  set of c a l i b r a t i o n  curves (under the equilibrium 
d i a l y s i s  conditions) f o r  t he  estimation of I P A  i s  shown i n  F ig .  1. The 
presence of 0.1 mg of albumin i n  the f i n a l  ceric-arsenious mixture 
considerably suppressed the  r a t e  of t h e  reac t ion .  The same type of 
curve was obtained with e i ther  human or bovine albumin. With increasing 
amounts of albumin the inh ib i t i on  of t h e  r a t e  of t h e  reac t ion  became 
grea t e r .  Therefore, t h e  determination of I P A  ins ide  the d i a l y s i s  bag 
(albumin so lu t ion)  was ca r r i ed  out i n  t h e  presence of 0.1 mg of albumin. 
Preliminary da t a  obtained from equilibrium d i a l y s i s  experiments, 
using bovine and human albumin, were analyzed by means of t h e  Scatchard 
equation and are  shown i n  F igs .  2 and 3. The e f f e c t  of EDTA on the 
equilibrium d i a l y s i s  experiments w i t h  bovine albumin was evaluated s ince  
it was reported by S t e r l i n g  (14) t h a t  EDTA prevents thyroxine from 
forming complexes with metal ions i n  so lu t ion  and t h a t ,  t he re fo re ,  the  
in t e rac t ion  of I P A  w i t h  albumin could be influenced by such a complex 
formation w i t h  contaminating metal ions .  I t  was observed t h a t  w i t h  o r  
without EDTA ( i t s  outs ide  concentration being 6.8 x M) the  
Sca tchard ' s  p l o t s  w e r e  s imi l a r  when I P A  a t  a concentration range of 
4 x t o  4 x M was equ i l ib ra t ed  w i t h  bovine albumin. 
* 
-5 I n  Fig.  2 ,  I P A  a t  a concentration range of 1.5 x 10 t o  2 x lom4 M 
was equ i l ib ra t ed  w i t h  bovine albumin by adding t h e  IPA ins ide  o r  ou ts ide  
t h e  d i a l y s i s  bag. 
was in te rpre ted  to mean t h a t  equilibrium was e s t ab l i shed .  The nonlinear 
r e l a t i o n s h i p  of q/A against  f ind ica tes  t h a t  more than one type of 
binding site(s) ex i s t ed  i n  t h e  albumin molecule. By ex t r apo la t ing  t h e  
l i n e a r  portion of the  curvef i  C 2) t o  the  ?/A and 5 a x i s ,  an approximate 
apparent knl value of 1.6 x lo7 M - l  and an average n1 of 2 w a s  obtained, 
Both curves produced s imi l a r  ?/A and 7 values .  T h i s  
respec t ive ly  . - 8 . 0  x lo6 M - l  produced the value f o r  k, The quotient - - hl 
1 n 
* 
E thylened iamine te  t raace t ic ac id  
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FIG. 2 EQUILIBRIUM DIALYSIS EXPERIMENTS OF IPA BINDING 
BY BOVINE ALBUMIN. Dialysis conditions: Room temp., 
16 hrs shaking; inside dialysis bag, 5.0 ml of 0.05 M potassium 
phosphate, pH 7.4, 1.0 mg of albumin per ml; outside bag, 5.0 ml  
of buffer containing 6.8 x lo'* M EDTA and 1.5 x 10'' to  
2 x 
was added to  the albumin inside the bag and EDTA was omitted. 
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FIG. 3 EQUILIBRIUM DIALYSIS STUDY OF IPA BINDING 
BY HUMAN ALBUMIN. Dialysis conditions: Room temp., 
16 hrs shaking; inside dialysis bag, 5.0 ml of 0.05 M potassium 
phosphate, pH 7.4, 1.0 mg of albumin per ml; outside bag, 5.0 mi 
of buffer containing 6.8 x 
2 x 
was added to the albumin inside the bag and EDTA was omitted. 
M EDTA and 1.5 x 10'' to 
M IPA (M); in the experiment denoted by (x-x) IPA 
15 
t he  apparent associat ion constant.  Figure 3 shows t h e  p l o t s  obtained 
from d i a l y s i s  experiments carr ied out  w i t h  human albumin and IPA ranging 
i n  concentrations from 1.5 x 10  t o  2 x M. IPA was added t o  t h e  
albumin i n  one set of experiments (x-x) and t o  t h e  outs ide  of t h e  
d i a l y s i s  bag i n  another (0-43).  
seemed t o  c o r r e l a t e  w e l l  a t  t h e  higher concentrat ions of IPA (7 > 1.8) 
w h i l e  a t  t h e  lower cpncentrations of IPA (7 < 1.8) there is some 
-5 
The values obtained f o r  t he  T/A and 5 
discrepancy. 
i n  one the IPA was added in s ide  the d i a l y s i s  bag and i n  the  other IPA 
was added t o  t h e  outs ide ,  which contained 6.8 x M EDTA. Extrapolat ion 
of the l i n e a r  port ion of the curve t o  t h e  ?/A and 
approximate kn of > 1.8 x 10 M and n = 2 ,  respec t ive ly .  The apparent 
assoc ia t ion  constant of human albumin w i t h  IPA seems t o  be i n  t h e  range 
of 9 x 10 M or g rea t e r .  
The only difference between t h e  t w o  experiments was t h a t  
ax i s  produced an 
7 -1 - 
6 -1 
B. IPA Metabolism i n  Rabbits,  Dog, and Monkeys 
The serum el iminat ion of intravenously in jec ted  IPA was followed 
f o r  60 t o  240 days i n  th ree  r abb i t s ,  one dog, and seven monkeys. 
Resul ts  a r e  shown graphical ly  i n  F igs .  4 t o  13. The experimentally 
determined r a t e  of disappearance of IPA from t h e  serum of these 
animals i n  r e l a t i o n  t o  t i m e  seemed t o  f i t  the equat ion f o r  a f i r s t  
order reac t ion .  The semilogarithmic p l o t s ,  r e l a t i n g  118 of IPA/ml of 
serum and per  m g  serum albumin to  t i m e ,  a l l  showed a biphasic  curve.  
The i n i t i a l  f a l l  of the  serum concentration of IPA i s  a t t r i bu ted  t o  t h e  
d i s t r i b u t i o n  of IPA, which is p re fe ren t i a l ly  bound t o  serum albumin, 
within t h e  t o t a l  exchangeable intra-  and extravascular  albumin pool. 
The serum IPA l eve l  f e l l  during the  f i r s t  10-15 days and t h e r e a f t e r  
seemed t o  follow the  l i n e a r  portion of the decay curve.  During t h i s  
t i m e  it was assumed t h a t  some sort of an equilibrium had been establ ished 
between the d i f f e r e n t  albumin compartments of the  animal. I t  is 
in t e re s t ing  t o  note t h a t  t he  l i nea r  port ion of t h e  curve s t a r t e d  a f t e r  
days 5 ,  10,  and 16 i n  r abb i t ,  dog, and monkey, respec t ive ly  (Figs.  5 t o  7 ) .  
This  could mean t h a t  t h e  time required f o r  t h e  equ i l ib ra t ion  of IPA 
within the var ious albumin compartments is va r i ab le  with t h e  d i f f e r e n t  
animal species .  The i n i t i a l  f a l l  i n  the concentrat ion of serum IPA 
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(M w u), respectively; both rabbits were injected each with 2 mg IPA/kg. 
18 
I I I 1 I 1 
- 
0 IO 20 30 40 50 60 70 
TIME-days 
TB- 5568- 42 
FIG.6 SERUM IPA CONCENTRATION WITH TIME IN A DOG INJECTED 
i v  WITH 2.07 mg IPA/kg 
19 
TIME - days 
TC - 5568 - 41 
FIG.7 SERUM CONCENTRATION OF IPA WITH TIME AFTER THE INTRAVENOUS 
INJECTION OF MONKEY NO. 1 WITH 1.31 rng IPA/kg BODY WEIGHT 
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FIG.8 SERUM CONCENTRATION OF IPA WITH TIME FOR MONKEY NO. 2 
INJECTED APPROXIMATELY WITH 18.6 mg IPA/kg 
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FIG.9 SERUM CONCENTRATION OF IPA WITH TIME FOR MONKEY NO. 7 
WAS INJECTED WITH 24.6 mg IPR/kg 
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FIG. 10 SERUM CONCENTRATION OF IPA WITH TIME FOR 
MONKEY NO. 4 INJECTED WITH 8.58 mg IPA/kg 
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F I G . l l  SERUM CONCENTRATION OF IPA WITH TIME FOR MONKEY NO. 11 
INJECTED WITH 8.0 mg IPAAcg 
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FIG. 12 SERUM CONCENTRATION OF IPA WITH TIME FOR MONKEY NO. 5 
INJECTED WITH 9.64 mg IPA/kg 
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during t h e  first 10 days w a s  greater i n  t h e  r abb i t  than t h e  dog 
(compare F igs .  5 and 6) although the animals w e r e  in jec ted  each w i t h  
2 m g  IPA per kg body weight. 
The l i n e a r  portion of t h e  decay curve i n  each experiment was used 
t o  c a l c u l a t e  the surv iva l  half-time of IPA, t h e  f r a c t i o n  and t h e  amount 
of t h e  t o t a l  IPA in jec ted  eliminated per day. The h a l f - l i f e  w a s  obtained 
graphica l ly  from the  p l o t s  of pg IPA/mg albumin (Method A) and per m l  
serum (Method B) vs .  time. Calculation of the o ther  parameters is  
described i n  Section 111, Analysis of Data. The r e s u l t s  obtained from 
such ca l cu la t ions  w e r e  summarized i n  Table 1. Both methods f o r  ca l cu la t ing  
h a l f - l i f e  gave s imi l a r  values. The h a l f - l i f e  of IPA is  much g r e a t e r  i n  
t h e  monkey than i n  either the  dog o r  the r a b b i t .  I n  the dog, the compound 
was re ta ined  s l i g h t l y  longer (average t$ = 28 days) than i n  r a b b i t s  R-3 
and R-4 (ti = 23 days) ;  a l l  th ree  animals w e r e  in jec ted  w i t h  2 mg IPA/kg 
body weight. I t  is possible t h a t  there may be no d i f f e rence  between t h e  
dog and r abb i t s :  r abb i t  no. 2 ,  injected w i t h  12.4 mg/kg, produced a 
h igher  h a l f - l i f e  than either r abb i t  3 or 4. I n  addi t ion ,  such a d i f f e r -  
ence could be due t o  v a r i a t i o n  within t h e  species. The h a l f - l i f e  of IPA 
i n  the monkeys ranged from 66 t o  84 days except f o r  monkey M-10, which 
produced a h a l f - l i f e  of 54 days. The weight of t h i s  animal had increased 
by 2.1 kg a t  the end of the observation period. However, i f  the  sho r t e r  
h a l f - l i f e  of IPA i n  monkey M-10 were due t o  weight ga in ,  the h a l f - l i f e s  
f o r  monkeys M - 1 ,  M-7, and M - 1 1  should have been s imi l a r ly  a f f ec t ed ,  
s ince  these  animals a l s o  gained 1 t o  1.5 kg. Monkey no. 10 had a l o w  
serum albumin concentration (3 .2  g/100 m l  serum) a s  compared t o  an 
average value of 4.5 g/100 m l  f o r  t h e  o ther  s i x  monkeys. 
The f r a c t i o n  of the t o t a l  IPA in jec ted  eliminated per day, ca lcu la ted  
from the  expression 0.693/t$, was found t o  be approximately .01 f o r  the 
monkeys and .023 t o  .03 f o r  the r abb i t s  and dog (Table 1). T h i s  f r a c t i o n  
represents  the percentage of t he  IPA eliminated per day. The ac tua l  
quant i ty  eliminated per day is given i n  t h e  next column. I n  monkeys 
M-4, M - 5 ,  M-10, and M - 1 1  the  amount of IPA-like ma te r i a l  excreted i n  the 
u r ine  was determined (see Table 2) and t h e  f r a c t i o n  of t he  c i r c u l a t i n g  
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Table 2 
URINARY EXCRETION OF IPA-LIKE MATERIAL DURIlpG 
A 73-DAY PERIOD FOLLOWING THE INJECTION OF IPA I N  MONKEYS 
Urinary IPA/24-Hr 
T i m e  
Af te r  
In j ec t  ion 
(days) 
2 
3 
4 
5 
6 
7 
8 
13 
18 
21 
23 
28 
33 
35 
38 
41 
43 
48 
53 
58 
61 
63 
68 
71 
73 
ug IPA-Like 
Material/24-Hr 
Urine S Decimen 
M-4 M - 5  M-10 M - 1 1  - - 
224 299 
280 334 
- 345 
277 164 
276 214 
142 229 
195 150 
- 230 
290 - 
231 - 
- 219 
81 292 
149 113 
145 - - 148 
129 - 
- 166 
109 152 
119 122 
119 154 
89 101 
54 88 
- - 
- 
- 114 
- 
73 
180 
130 
94 
72 
85 
- 
- 
- 
- 
86 
35 
47 
44 
44 
39 
38 
22 
29 
18 
- 
- 
- 
- 
325 
426 
2 96 
2 72 
2 74 
240 
203 
173 
244 
284 
222 
155 
140 
110 
98 
65 
76 
55 
64 
42 
24 
83 
- 
- 
- 
(% Total  IPA 
i n  Serum on 
The Same Day) 
M-4 M-5 M-10 M - 1 1   
1.1 1.7  
1.4 1 .9  
- 2 . O  
1.4 .92 
1 .4  1 .3  
1.5 - 
.75 1.4 
1.1 .96 
- 1 .6  
1.4 - 
- 1.5  
-52 2 .3  
.99 .85 
1.0 - 
- 1 . 2  
.97 - 
- 1.5 
.85 1 .4  
.98 1.2 
1.0 1.6 
.83 1.1 
.52 1.0 
- 1.4 
- - 
- - 
 
- 2.3 
.49 - 
1.2 3.4 - 2 . 1  
.89 2.0 
.66 2.0 - 1.8 
.54 1.6 
.69 1.4 
- 2.1 
- 2.4 
.78 2.0 
.34 1.4 
- 1.4 
.78 - 
- 1.1 
.49 1.0 
.52 .70 
-50 .86 
-51 .65 
- .78 
.32 .52 
.45 .31 - 1.1 
.30 - 
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serum IPA excreted per day was computed. I t  is  designated IPA-like 
ma te r i a l  (see Sect ion 111, "Assays  of IPA i n  Urine") s ince  it was not 
i so l a t ed  and i d e n t i f i e d .  From t h e  f r a c t i o n  excreted i n  the  ur ine and the  
t o t a l  amount of IPA i n  the  in t ravascular  volume (ca lcu la ted  by extrapola-  
t i o n  of t h e  l i n e a r  port ion of the curve t o  z e r o - t i m e  and the t o t a l  serum 
volume) t h e  maximum amount of IPA t h a t  could be excreted i n  the ur ine  
was computed and found t o  be 216, 254, 92, and 200 pg/day f o r  monkeys 
1 -4 ,  M-5, M-10, and M - 1 1 ,  respect ively.  
Except f o r  monkey no. 10, t h e  d i f fe rence  between the ca lcu la ted  
qrrantity r?f IPA elim,ioated per d q ?  azd the m,aximm quaztity cf IPA 
excreted in  t h e  ur ine was i n  the  order of 260 t o  286 pg/day. I t  is 
poss ib le  t h a t  t h i s  quant i ty  of IPA could be excreted i n  the s t o o l ,  
s ince  a c e r t a i n  amount of serum albumin is l o s t  normally i n t o  t h e  
g a s t r o i n t e s t i n a l  t r a c t  (15,161. The l o w  amount of IPA excreted i n  the  
ur ine  of monkey M-10 could not be explained unless  the animal had some 
sort of gastroenteropathy. 
The ur inary excret ion of IPA-like mater ia l  f o r  monkeys M-4, M-5, 
M-10, and M - 1 1  is presented i n  T a b l e  2 .  The percentage of the t o t a l  
IPA i n  serum on t h e  same day (see methods for ca lcu la t ion)  excreted i n  
the  ur ine m o r e  or less is constant f o r  each animal. The percentage values 
f o r  monkeys M-4, M-5, M-10, and M - 1 1  w e r e  1.04 + .30: 1.4 f .40: 
.59 f .24; and 1.4 f .70,  respect ively.  The  standard devia t ion  of the 
mean was qu i t e  l a rge  f o r  each animal, possibly due t o  incomplete 24-hr 
c o l l e c t  ion of the urine. The determination of ur inary c rea t in ine  
could have helped t o  smooth ou t  t h i s  va r i a t ion  but unfortunately it was 
not done. 
C .  Extrac t ion ,  I d e n t i f i c a t i o n ,  and Electrophoresis  of Serum IPA 
The i s o l a t i o n  and iden t i f i ca t ion  of IPA from t h e  blood of monkeys 
seemed t o  be appropriate although Astwood had previously i so l a t ed  and 
c h a r a c t e r i s t  ized the compound from human sub jec t s  (1) . 
The ex t rac ted  mater ia l  from t h e  pooled serum of monkeys M - 2 ,  M-4, 
and M - 1 1  was subjected t o  t h i n  l a y e r  chromatography using two solvent 
systems; it was iden t i ca l  t o  the  reference marker IPA (Fig.  14) .  In  
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FIG. 14 ULTRAVIOLET SPECTRUM AND CHROMATOGRAM OF EXTRACTED 
IPA FROM THE SERUM OF MONKEY NO. 4 INJECTED WITH IPA 
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. 
addi t ion ,  the  compound was eluted from t h e  s i l i c a  ge l  p l a t e  and found t o  
contain iodine (by adding an al iquot  of t he  e l u a t e  t o  ceric-arsenious 
mixture) .  I t  produced i n  ac id i c  and basic so lu t ions  W spec t ra  which 
w e r e  i den t i ca l  t o  those f o r  the reference standard IPA. The spec t ra  of 
IPA i a v e  been w e l l  described by Astwood (1). 
Pooled sera obtained from monkey M-7 a f t e r  t h e  in j ec t ion  of IPA and 
cont ro l  serum t o  which IPA was added i n  v i t r o  w e r e  a l s o  separa te ly  
subjected t o  chloroform ext rac t ion  a f t e r  a preliminary butanol ex t r ac t ion  
of serum. Thin layer  chromatography produced f ind ings  s imi l a r  t o  those 
noted above. I t  caii s a f e i y  be skated t h a t  iPA does not s e e m  to be 
appreciably metabolized i n  monkeys. However, the f i n a l  proof should 
await the i so l a t ion  and iden t i f i ca t ion  of t h i s  compound from ur ine .  
-- 
It has a l s o  been found t h a t  IPA i n  serm e x i s t s  p re fe ren t i a l ly  i n  
assoc ia t ion  w i t h  the albumin f r ac t ion .  
A serum sample from monkey M-5, obtained 41 days a f t e r  IPA in j ec t ion ,  
was subjected t o  e lec t rophores i s  on ce l lu lose  ace t a t e  and polyacrylamide 
g e l .  I n  the  Gelman electrophoresis  system one s t r i p  was s ta ined f o r  
pro te ins  and another was s ta ined with a mixture of ceric and arsenious 
ac ids .  A w h i t e  band against  a yellow background which fades  w i t h  t i m e  
appeared i n  the albumin f r a c t i o n ,  ind ica t ing  the presence of an iodine- 
containing compound i n  t h i s  area.  A cont ro l  serum sample (before 
in j ec t ion  of IPA) from t h e  same monkey did not show t h i s .  The associa- 
t i o n  of IPA t o  albumin d id  not seem t o  influence t h e  e lec t rophore t ic  
mobil i ty  of t h i s  protein.  
Free IPA so lu t ion  (50 pg/ml) was applied a t  the o r i g i n  of another 
s t r i p ,  and was found t o  move toward the  anode f a s t e r  than the  albumin-IPA 
complex. The same serum sample was subjected t o  e lec t rophores i s  using 
polyacrylamide gel a s  the supporting medium, After  e lec t rophores i s ,  
par t  of the  ge l  was s ta ined f o r  protein pa t te rn  and i n  another port ion 
t h e  various pro te ins  were e lu t ed  and assayed f o r  IPA. Only t h e  f r a c t i o n s  
corresponding t o  the  albumin region contained IPA. I n  addi t ion t o  
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e lec t rophores i s ,  it was observed t h a t  about 80% of the  serum IPA was 
associated w i t h  t h e  albumin f r ac t ion ,  which was i so la ted  by the  TCA/EtOH 
f r ac t iona t ion  method (11). 
I). c14 Studies  
To study the  influence of IPA on the  metabolism of serum albumin, 
14 fou r  monkeys ( two preinjected w i t h  IPA) w e r e  in jec ted  w i t h  C -reconsti- 
t u t ed  pro te in  hydrolysate.  Figures 15 and 16 show typ ica l  semilogarithmic 
p l o t s  of spec i f i c  r ad ioac t iv i ty  of albumin over 50 t o  65 days. 
incorporation of the isotope i n t o  serum prote ins  was observed 4 h r  a f t e r  
t h e  in jec t ion  of t h e  C-- amino acid mixture. The curves a re  biphasic.  
The i n i t i a l  f a l l  i n  spec i f i c  a c t i v i t y  (1 t o  10 days) was a t t r i bu ted  t o  
the d i s t r i b u t i o n  of labeled albumin wi th in  t h e  t o t a l  exchangeable in t r a -  
and extravascular  albumin pool,  as w e l l  a s  t o  degradation. Thereaf te r ,  
the  l i n e a r  experimental decay curve resu l ted  from progressive d i l u t i o n  
of labeled albumin by unlabeled molecules. The slope is now due only 
t o  t h e  degradation of the  labeled albumin, Similar  p l o t s  w e r e  made f o r  
t o t a l  serum prote in  and the  globulins and a r e  shown i n  F igs .  17 t o  20. 
I n  each case t h e  b io logica l  h a l f - l i f e  of serum prote in ,  albumin, and 
g lobul ins  was obtained graphical ly  from a l i n e a r  semilogarithmic p lo t  
which resu l ted  a f t e r  t h e  f i r s t  ten days. Table 3 shows t h e  h a l f - l i f e s  
of serum prote ins  fo r  monkeys M - 4  and M - 1 1 ,  M-6 and M-8. There is no 
apparent d i f fe rence  between the albumin h a l f - l i f e  of monkeys M - 4  and 
M - 1 1  (preinjected with 50 mg IPA) and monkeys 1-6 and M - 8  ( cont ro ls ) .  
I t  may be concluded, therefore ,  tha t  IPA does not  d i r e c t l y  or  i n d i r e c t l y  
a l t e r  the  degradation of albumin. 
Maximum 
1 A  
The d a i l y  ur inary excre t ion  of C14 was determined and is shown i n  
F igs .  21 and 22. After  t he  f i r s t  seven days the pa t t e rn  of excret ion 
was s imi la r  f o r  a l l  fou r  animals. This  is  best demonstrated by t he  
values obtained for  the f r a c t i o n  of c i r c u l a t i n g  pro te in  degraded per day 
a s  shown i n  Table 3. This constant r e l a t ionsh ip ,  when ur inary  a c t i v i t i e s  
were expressed a s  f r ac t ion  of serum a c t i v i t i e s  f o r  t h e  same day, 
pers i s ted  throughout t he  observation period and a f t e r  the f i r s t  seven 
days. I n  addi t ion ,  the albumin turnover i n  these animals was ca lcu la ted  
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Table 3 
THE METABOLISM OF SERUM PROTEINS I N  MONKEYS PREINJECTED W I T H  
IPA PRIOR TO C~~-PROIEIN HYDROLYZATE INJECTION 
Preinjected With 
50 mg IPA Cant rol s 
M-4 M - 1 1  M-6 M-8 
Apparent Biological 
Half-Life of Serum 
Prote ins .  (days) 
Total  Protein 
Albumin Fract ion 
G lobul  i n  Fract ion 
21.5 19.5 
23 20 
20.5 18.7 
Fract ion of Body Pro te ins  
Degraded (day” x lo2)  
Total  Protein 3.22 
Albumin 3.01 
Globulins 3.38 
Albumin Turnover Rate 
(g/kg/day) .154 
3.55 
3.46 
3.71 
.184 
21.5 
22 
19 
3.22 
3.15 
3.65 
.157* 
18 
20 
15 
3.85 
3.46 
4.62 
.173* 
Frac t ion  of Circula t ing  
Pro te in  Degraded (day1 
x lo2)  2.55 f .72 3.88 f 1.0 2.40 f .89** 2.83 f .92** 
* Total  body albumin not known but assumed t o  be 5 g/kg. 
** The serum volume f o r  t h e  ca lcu la t ion  of t h i s  parameter was assumed to be 
40 m l / k g .  
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a t  .154 t o  .184 g/kg/day. I t  can be seen t h a t  there is  no d i f f e rence  
between monkeys M-4 and M - 1 1  (preinjected w i t h  IPA) and M-6 and M-8 
( con t ro l s ) .  
E .  Physiological Measurements Using IPA a s  an Indica tor  
Since IPA is p r e f e r e n t i a l l y  bound t o  albumin when in jec ted  i n t o  
monkeys, does not seem t o  influence t h e  metabolism of albumin and is  
apparently equ i l ib ra t ed  within the  albumin compartments, it was f e l t  
t h a t  t h i s  compound could be used a s  an ind ica to r  f o r  measuring i n t r a -  
vascular volume and t o t a l  body albumin pool. Such measurements w e r e  
computed from t h e  p l o t s  of F igs .  4 t o  13, a s  described. The r e s u l t s  
a re  summarized i n  Table 4.  The in t ravascular  serum volume of the 
monkeys ranged from 33 t o  44 ml/kg except f o r  monkey M-1, which 
produced a value of 29 m l / k g .  These volumes a re  comparable t o  
36.4 f 3.98 ml/kg reported by Gregersen et a l .  (17) and 31 t o  63 ml/kg 
(average 44.7) given i n  reference (18). The in t ravascular  volumes 
found for t h e  r a b b i t s  and dog a r e  a l s o  comparable t o  the ones reported 
i n  the  l i t e r a t u r e  (18-19). The t o t a l  c i r c u l a t i n g  or in t ravascular  
albumin was ca lcu la ted  by two d i f f e r e n t  methods; both seemed t o  be i n  
c lose  agreement. The values obtained f o r  the t o t a l  body and i n t r a -  
vascular  albumin pool of monkeys and dog seem t o  be comparable to  t h e  
t o t a l  albumin reported f o r  human subjec ts  (13,16),  except f o r  monkey 
M-7, i n  which the  t o t a l  body albumin may have been overestimated due t o  
t h e  high dose of IPA (150 mg). I n  r a b b i t s  t h e  in t ravascular  albumin 
mass seems t o  f a l l  wi th in  the range reported by S . Cohen e t  a1 . (201, 
but t h e  t o t a l  body albumin i s  overestimated. 
F. E f fec t  of IPA on t h e  Growth of Pseudomonas saccharophilia 
0 P. saccharophilia was grown a t  30 f o r  6 h r  i n  a medium containing - 
0.033 M ,  pH 6.8 phosphate bu f fe r ,  0.2% sucrose,  and some inorganic ions.  
Under these condi t ions ,  the  cu l tu re  showed an increase i n  p ro te in  from 
0.25 mg/ml t o  0.932 mg/ml  i n  medium. 
IPA added t o  the growth medium inhib i ted  t h e  growth of t h e  organism. 
The concentration of IPA required f o r  50% i n h i b i t i o n  of growth was 
between 3.5 x M and 7.0 x M. 
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To examine the  extent  and nature of binding of I P A  t o  bac te r i a l  
p ro t e in ,  t h e  cells w e r e  lysed and the  so luble  pro te in  was prec ip i ta ted  
by adding ammonium su l f a t e  t o  sa tura t ion .  The prec ip i ta ted  pro te in  
w a s  dialyzed against  water overnight. The amount of IPA bound t o  the 
b a c t e r i a l  p ro te in  varied from 0.14 pg t o  1.45 clg per mg of dialyzed 
pro te in .  I P A ,  when t e s t ed  a t  a f i n a l  concentration of 7 x 10 M, 
showed no inh ib i tory  ac t  ion against  sucrose phosphorylase a c t i v i t y  of 
a crude b a c t e r i a l  ex t r ac t .  
-4 
4.5 
. 
. 
V DISCUSSION 
The r e s u l t s  obtained from the equilibrium d i a l y s i s  s tud ies  of t he  
binding of IPA with human and bovine albumin were analyzed by means of 
the Scatchard equation and found to be nonl inear .  I f  a l l  binding sites 
w e r e  equivalent and independent, a p lo t  of f / A  a s  a funct ion of f should 
produce a l i n e a r  re la t ionship .  Since devia t ions  f r o m  l i n e a r i t y  occur 
when binding takes  place a t  more than one set of sites w i t h  d i f f e r e n t  
associat ion constants  (10,14,21),  t he  deviat ion could be due t o  t h e  
exis tence of more than one t y p e  binding of IPA w i t h  albumin. By 
ex t rapola t ion  of t h e  l i n e a r  portion of the  curves Cq < 2 ) ,  an approximate 
apparent assoc ia t ion  constant of >_ 8 x 10  
a f i rm binding of IPA w i t h  albumin. An associat ion constant of t h i s  
magnitude represents  a f i rmer  binding than t h a t  of many small molecules 
known t o  be bound to  albumin (9-111, but s l i g h t l y  less firm binding 
than the  in t e rac t ion  of human albumin w i t h  t he  f r e e  f a t t y  acids  of 
serum (22). 
6 -1 M was obtained ind ica t ing  
The h a l f - l i f e  of I P A  i n  t h e  monkey, r a b b i t ,  and dog was found t o  
be 65-84, 23-32, and 28 days,  respect ively.  Such d i f fe rences  among 
t he  species could be due t o  (a) firmer binding of IPA t o  t h e  monkey 
serum albumin, (b) lack  of spec i f ic  albumin subfract ion w i t h  a high 
a f f i n i t y  t o  IPA i n  rabbi t  and dog serum prote ins ,  or an in su f f i c i en t  
quant i ty  of t h i s  pa r t i cu la r  f r ac t ion ,  and (c) metabolism of IPA by t h e  
dog and r abb i t ,  forming products w i t h  less a f f i n i t y  f o r  t h e  albumin. 
I n  an experiment i n  which monkey, r a b b i t ,  dog, and human albumin 
preparat ions w e r e  equi l ibra ted  w i t h  .25 and .5 m o l e  IPA per m o l e ,  
albumin f a i l e d  t o  revea l  any s ign i f i can t  d i f fe rence  w i t h  respect t o  t h e  
moles of IPA t h a t  w e r e  bound t o  one m o l e  of albumin. However, it is 
f e l t  t h a t  there may be a difference i n  the  ac tua l  assoc ia t ion  constant  
of IPA with albumin f o r  d i f f e r e n t  animal species t h a t  could account f o r  
t he  longer h a l f - l i f e  of IPA i n  the monkey and the  very long h a l f - l i f e  
i n  humans. Astwood has reported a h a l f - l i f e  of IPA of 2.5 years  i n  
humans (1) and Anton reported a h a l f - l i f e  of 7 days f o r  t h e  guinea pig 
and dog (23). The associat ion constant of t h i s  compound w i t h  albumin 
could best be determined by using 1131 or C 14 -labeled TPA. 
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I t  has been reported t h a t  serum albumin is heterogeneous (24 and 
25) and t h e  p o s s i b i l i t y  t h a t  IPA could be bound t o  a spec i f i c  albumin 
subfract ion could not be excluded. From t h e  r e s u l t s  presented here 
one could assume t h a t  IPA i s  not metabolized by t h e  monkey, although 
i d e n t i f i c a t i o n  of t he  ur inary IPA-like mater ia l  would be appropriate ,  
while f o r  t h e  dog and r abb i t  t h i s  assumption may not hold. I n  the 
three  out of f o u r  monkeys the  amount of IPA excreted i n  the  ur ine  per 
day, expressed as percentage of the  c i r c u l a t i n g  serum IPA, ranged from 
1-1.4, which corresponded t o  about 200-250 Ilg/day--the maximum quant i ty  
of IPA t h a t  could be excreted i n  the  ur ine.  From the h a l f - l i f e  and 
the  t o t a l  amount of IPA given t o  these animals 
was calculated t h a t  t h e  quant i ty  of IPA eliminated per day was approxi- 
mately 500 ug. The d i f fe rence  between t h i s  quant i ty  and t h a t  found i n  
the ur ine  is about 250 ug, which  is eliminated d a i l y  but not i n  the 
ur ine .  T h i s  amount is either metabolized, excreted i n  t h e  gastro- 
i n t e s t i n a l  t r a c t  along with albumin, s tored i n  c e r t a i n  t i s s u e s ,  or 
los t  during the  ur ine  co l l ec t ion  period by absorption i n  the feces .  
The l a s t  p o s s i b i l i t y  can be excluded, s ince  a l l  t h ree  animals gave 
cons is ten t  excret ion r a t e s  f o r  IPA. I t  has been reported by Laster  
693 x 50 mg IPA it (.% ) 
131 e t  a l .  t h a t  w i t h  human subjec ts  given 1131-albumin, t h e  amount of I 
found i n  stool is about 0-0.4% of body's ~ i l b u m i n - 1 ~ ~ ~  content (16).  
is possible  therefore  t h a t  t h e  unaccounted IPA may follow t h e  albumin 
leaking i n t o  the gu t .  If 100 mg of albumin leaks  i n t o  the g a s t r o i n t e s t i n a l  
t r a c t  of t h e  monkey per day, t h i s  amount may be equivalent t o  150-200 ug 
IPA los t  per day s ince  IPA is bound t o  albumin a t  a r a t i o  of 1.5 t o  2 Ug/mg 
a s  determined from t h e  p l o t s  extrapolated t o  zero t i m e .  
I t  
Since IPA was found t o  be p re fe ren t i a l ly  bound t o  the serum albumin 
f r a c t i o n ,  eliminated s l o w l y  from t h e  c i r c u l a t i o n ,  i den t i ca l  t o  the  
o r i g i n a l  compound when in jec ted  in to  monkeys, and without an apparent 
e f f e c t  on albumin metabolism, it was f e l t  t h a t  such a compound could be 
used t o  measure plasma volume a s  w e l l  a s  i n t r a -  and extravascular  albumin. 
Calculat ions of these physiological parameters a re  presented i n  Table 3. 
They w e r e  based on t h e  following assumptions: (1) IPA a t t a i n s  an 
equilibrium between the in t ra -  and ex t ravascular  compartments, (2) t h e  
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albumin-IPA complex i s  proport ional ly  and evenly d i s t r ibu ted  between 
t h e  albumin compartments, (3) IPA does not i n t e r f e r e  w i t h  the sites a t  
wh ich  albumin synthesis  and degradation occur, and (4) IPA i s  evenly 
bound and d i s t r ibu ted  within t h e  serum albumin f r ac t ions .  The values  
obtained for int ravascular  volume and t o t a l  and intravascular  albumin 
mass f a l l  wi th in  t h e  range reported by o ther  i nves t iga to r s  using Evans 
blue dye and C1*- and IIS1-labeled albumin (16-20). 
not unequivocal, and requi re  fur ther  confirmation by comparison w i t h  
o the r  ind ica tors .  The values obtained f o r  the t o t a l  albumin mass i n  
r a b b i t s  seem t o  be overestimated, probably because of a considerable 
loss of albumin i n t o  the  gas t ro in t e s t ina l  t r a c t  (26) .  
These values a r e  
48 
The authors are indebted t o  Mr. S. Okamoto f o r  h i s  competent 
technical  ass is tance and responsible ro l e  i n  t h e  performance of t h i s  
work, D r .  Myna Theisen f o r  helping us  w i t h  t h e  C 
D r .  B. Datnow for his collaboration i n  the  dog experiment and t o  
Dr. R. L. Young for her  he lp  w i t h  t h e  bac te r i a l  experiment. The 
authors have enjoyed much helpful  discussion,  c r i t i c i sm and encouragement 
by Dr. H. Leon. 
14 
-experiments, 
. 
REFERENCES 
1. E. B .  Astwood. Trans. Assoc. Am. Physicians 70, 183-91 (1957). -
2. R.  Shapiro. New Eng. J. l e d .  264, 378-81 (1961). 
3. R. R. Hal l  and W. P. Vanderhaan. J .  Am. Med. Assoc. 177, 124-25 
-
-
(1961). 
4 .  N. E .  Kontaxis and I). E. Pickering. Unpublished da ta .  
5. V.  P. Dole. J. Cl in .  Invest .  35, 150 (1956) and V .  P. D o l e  and -
H. Meinertz. J .  Biol .  Chem. 235, 2595 (1960). -
6. E .  B. Sandell and 1. M. Kolthoff. Mikrochim. Acta 50, 9 (1937). 
7. N .  E .  Kontaxis and D. E. Pickering. J. C l in .  Endocrinol. Metabol. 
-
18, 774 (1958). -
8. C.  H. Bowden e t  a l .  Biochem. J .  59, 93 (1955). -- -
9. K. Ste r l ing  e t  a l .  J. C l i n .  Invest .  41, 1021 (1962). -- -
10. G .  Scatchard. Ann. N.Y. Acad. Sc i .  51, 660 (1949). -
11. J.  R.  Debro, H.  Tarver,  and A .  Korner. J .  Lab. C l in .  l e d .  50, 728 -
(1957). 
12. K. Ste r l ing .  J.  C l in .  Invest .  30, 1228 (1951). 
13. T. A. Waldmann and L. L a s t e r .  J .  C l in .  Invest .  43,  1025 (1964). -
14. K. Ste r l ing  and M. Tabachnick. J .  Biol .  Chem. 236, 2241 (1961). -
15. A.  S. McFarlane. In:  Mammalian Pro te in  Metabolism, Vol. 1, 
H. N. Munro and J .  B. Allison (Edi tors ) ,  Acad. P res s ,  N.Y., 1964. 
p. 297. 
16. L. Laster  et  a l .  J .  C l in .  Invest .  45, 637 (1966). -- -
17. M. I .  Gregersen e t  a l .  Am. J .  Physiol. 196, 184 (1959). -- -
18. Biological Handbook on Blood and Other Body Flu ids .  D.  S .  D i t t m e r  
(Edi tor) ,  Fed. h e r .  SOC. Exptl. Biol.  (Publishers) 
50 
. 
19. V. Bocci and A.  V i t i .  Quart .  J .  Expt l .  Physiol. 51, 27 (1966). 
20. S. Cohen et a l .  Biochem. J .  62. 143 (1956). 
-
-- - 
21. K. Ste r l ing .  J. C l i n .  Invest .  43, 1721 (1964). 
22. D. S. Goodman. J.  Am. Chem. SOC. 80,  3892 (1958). 
-
-
23. A. H. Anton. J. Pharmacol. Exptl .  Therap. 134, 291 (1961). 
24. J. F. Foster et a l .  J.  B i o l .  Chem. 240, 2495 (1965). 
-
-- -
25. Lars-Olov Anderson. Biochim. Biophys. Acta 117, 115 (1966). 
26. F. B. Armstrong, S. Morgen, and H. Tarver. Proc. SOC. Exptl .  
-
B i o l .  Med. 103, 592 (1960). -
51 
333 Ravenswood Avenue 
Menlo Park, California 94025 
Tel. (415) 326-6200 
Cable: STANRES, MENU) PARK 
TWX: 910-373-1246 
STANFORD RESEARCH INSTITUTE 
Regional Offices and Laboratories 
Southern California Laboratories 
820 Mission Street 
South Pasadena, California 91031 
Tel. (213) 799-9501 682-3901 
Washington Office 
loo0 Connecticut Avenue, N.W. 
Washington, D.C. 20036 
Tel. (202) 223-2660 
Cable: STANRES, WASH.D.C. 
TWX: 710-822-9310 
New York Ofice 
270 Park Avenue, Room 1770 
New York, New York 1017 
Tel. (212) 9866494 
Huntsville Office 
Missile Defense Analysis Office 
48 IO Bradford Blvd., N. W. 
Huntsville, Alabama 35805 
Tel. (205) 837-3050 
TWX: 510-579-2112 
Detroit Office 
303 W. Northland Towers 
15565 Northland Drive 
Southfield (Detroit), Michigan 48075 
Tel. (313) 444-1185 
Chicago Office 
10 South Riverside Plaza 
Chicago, Illinois 60606 
Tel. (312) 236-6750 
European Office 
Pelikanstrasse 37 
Zurich, Switzerland 8001 
Tel. 27-7327 (DayINight) 27-8121 (Day) 
Cable: STANRES, ZURICH 
Japan Office 
Nomura Securities Building 
1-1 Nihonbashidori, Chuo-ku 
Tokyo, Japan 
Tel. Tokyo 271-7108 
Cable: STANRESEARCH, TOKYO 
Representatives 
Canada 
Cyril A. Ing 
86 Overlea Boulevard 
Toronto 17, Ontario, Canada 
Tel. 425-5550 
Italy 
Lorenzo Francexhini 
Via Macedonio Melloni 49 
Milan, Italy 
Tel. 723-246 
Printed in  U.S.A. August 1966 
